AIM: To identify vascular abnormalities in patients presenting with spontaneous coronary artery dissection (SCAD). METHODS: We performed a whole-body MR angiography and a duplex sonography of the renal and carotid arteries in 12 patients (9 women, 3 men) with SCAD to identify vascular abnormalities. RESULTS: MR angiography revealed abnormalities of the renal arteries in 3/12 patients (25%). All 3 patients were women, 2 presented with changes suggesting fibromuscular dysplasia (FMD), 1 had a spontaneous renal artery dissection. No other vascular abnormalities were identified in any of the patients. Duplex sonography confirmed MR findings and showed non-significant renal artery stenoses in both patients with FMD. CONCLUSIONS: Abnormalities of the renal arteries were found in 3/12 (25%) of the patients with SCAD. No other vascular abnormalities were identified. Additional diagnostic tests of the renal arteries such as renal artery angiography or duplex sonography may be considered in patients presenting with SCAD.
Introduction
Spontaneous coronary artery dissection (SCAD) occurs typically in younger women with otherwise low cardiovascular risk [1] [2] [3] [4] [5] . The etiology of SCAD remains unclear. Vigorous exercise, vasospasm, coronary artery ectasy, oral contraceptives/hormones, cocaine and cyclosporine have been associated with the condition. Finally, an association of SCAD and fibromuscular dysplasia (FMD) has been suggested [6] . As of now, no study has investigated whether patients with SCAD also present with abnormalities in vessels other than the coronaries. The aim of this study was to investigate whether patients presenting with spontaneous coronary artery dissections (SCAD) have lesions in other vessels than the coronaries thus reflecting a systemic disease.
Methods
Patient population and study protocol. The University Hospital Zurich is a tertiary referral clinic treating about 500 acute coronary syndromes (ACS, i.e., unstable angina pectoris and acute myocardial infarction) each year. Between An example showing the MR whole body angiography. The first part of the MR whole body angiography included thoracic/ renal-, pelvis/thigh-, knee/calf-stations (A). The second part included the thoracic/carotid-station (B).
January 2003 and December 2009, we identified a total of 24 patients who presented consecutively at the cardiac catheterisation laboratory with SCAD as the cause of ACS which represented 0.7% of all ACS seen at our institution. Patients with SCAD and relevant atherosclerotic coronary artery disease were excluded since dissection may be a manifestation of a plaque rupture. Out of these 24 patients, one patient had to be excluded due to an implanted ICD which is a contraindication for MR tomography. Two patients died after hospital admission and could not be investigated. Two were living abroad, four were not reachable and five refused to participate in the study. The remaining 12 patients were included in the study. All patients were examined utilising whole-body MR angiography and duplex sonography of the carotid and renal arteries. Clinical and medical history of the index event was taken utilising a questionnaire. The study was approved by the local ethics committee and all included patients provided written informed consent.
MR whole-body angiography
All MR angiography (MRA) examinations were performed on a 1.5-T whole-body MR system (Philips Achieva, Release 2.6, Philips Healthcare, Best, the Netherlands) with a gradient strength of 30 mT/m and a slew rate of 150 (mT/m/msec) according to previously described protocols [7, 8] . The scanning protocol involved a 2 step approach. The first part of the examination was in feet first, supine position, for the renal arteries down to the calf arteries with automatic table movement between the stations, using a 12-element phased-array peripheral vascular coil (Philips Healthcare). A biphasic intravenous administration of gadobenate dimeglumine with 0.15 mmol per kilogram of body weight at flow rates of 2.0 ml/sec followed by 0.033 mmol per kilogram of body weight at flow rates of 0.9 ml/sec, followed by a 30 mL saline flush at a flow rate of 0.8 ml/sec ( fig. 1A ). In the second part of the examination a 16 -element phased-array Neurovascular coil (Philips Healthcare) was used for the carotid and thoracic arteries in head first and supine position. An intravenous administration of gadobenate dimeglumine with 0.15 mmol per kilogram of body weight at flow rates of 1.5 ml/sec followed by a 30 ml saline flush at a flow rate of 1.5 ml/sec ( fig. 1B) . The angiograms were analysed by a board-certified radiologist (DB) and a skilled vascular specialist (CT) independently, in case of differing findings an additional consensus reading was performed.
Duplex sonography
In all patients, colour coded duplex ultrasound of the extracranial cerebral arteries and the renal artery was performed. A high-end ultrasound machine (iU22, Philips Healthcare) with a linear 9-3 MHz or 17-5 MHz (carotid artery) and a curved 5-1 MHz (renal artery) transducer was used by an experienced investigator (CT). All vessels were examined using B-mode ultrasound, colour Doppler imaging and Doppler spectral analysis. Examination of the extracranial cerebral arteries included the common, external and internal carotid artery, as well as the vertebral and subclavian artery. Intima media thickness of both common carotid arteries was measured using an integrated quantification software package of the ultrasound machine (QLAB, Philips Healthcare) [9] . IMT was analysed over a vessel length of 10 mm and reported as mean millimeters and technical success [%] as a quality control. Investigation of the renal perfusion included Doppler spectral analysis in different areas of the renal artery and the documentation of the intrarenal perfusion including measuring the resistive index in three areas of the renal parenchyma (upper pole, middle, lower pole). A significant (>70%) stenosis of the renal artery was excluded with a peak systolic velocity lower than 200 cm/s or a renal aortal ratio lower than 2.5 [10] .
Statistical analysis
Continuous variables with a normal distribution are described as means with standard deviations. Discrete variables are presented as frequencies and percentages.
Results

Patient characteristics
A total of 12 patients with SCAD were investigated, 9 (75%) women, mean age at the time of SCAD was 48 ± 10 years (range: 35 to 65 years). Patients presented with ST elevation myocardial infarction (STEMI, n = 8) or Non-STEMI (NSTEMI, n = 4). All patients had chest pain at rest, all but one had an elevated Troponin. Possible risk factors for SCAD were present in 5 patients: sport or exercise during the same day in 3, pregnancy within 6 month in 2, a positive family history for dissections in 2. Baseline characteristics are presented in table 1.
Figure 2
Segmental distribution of coronary artery dissections in patients with (1-3) and without (4-12) renal artery abnormalities.
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Swiss Med Wkly. 2012;142:w13538 Coronary angiography and treatment As shown in table 2 and figure 2, multivessel involvement was present in 3 (25%). All patients presented with typical findings of SCAD such as distal, long lesions, abrupt demarcation from normal proximal segments, double lumen, spiral lucency and contrast staining. Initial treatment was conservative in 7 (58%) patients, balloon dilatation was performed in 2 (17%) and balloon dilatation with stent implantation in the remaining 3 (25%). An intra-aortal balloon pump (IABP) was inserted in 3 (25%) patients. One patient subsequently required surgical revascularisation with coronary artery bypass grafting. Median length of hospital stay was 6 days ranging from 2 to 17 days. After a follow-up of 444 and 782 days, 2 (17%) patients had a recurrent coronary artery dissection in a different vascular territory.
MR whole body angiography MRA and duplex sonography were performed after a median of 1,036 (range: 78-1938) days after the SCAD. Abnormalities of the renal arteries were found in 3/12 (25%, table 2), all were women. Two patients showed a transverse striated "string of beads" angiographic appearance of the renal artery, consistent with fibromuscular dysplasia (fig. 3 , patients 1 and 2). In 1 patient an ostial dissection of the left renal artery without a significant stenosis was found ( fig. 3,   patient 3) . MRA of the extracranial arteries was normal in all patients.
Duplex sonography
Pathologic findings of the renal artery were found in 2 patients (table 2) . A <70% stenosis of the middle part (peak systolic velocity of 210 cm/s) of the right renal artery was observed in a 63 year old woman and a <50% stenosis (peak systolic velocity of 130 cm/s) in a 40 year old woman ( fig. 3, patients 1 and 2) . Discrete wall thickening of the carotid bulb was found in 3 patients, all other carotid arteries were normal. Intima media thickness was 0.54 ± 0.15 on the right side and 0.55 ± 0.12 on the left side. No dissections were identified by Duplex sonography.
Discussion
To our knowledge, this is the first study to investigate associated vascular lesions in patients with spontaneous coronary artery dissection using whole-body MR angiography and duplex sonography. We were able to identify abnormalities of the renal arteries in 3/12 (25%) patients, all women. MRA suggested fibro-muscular dysplasia of the renal arteries in 2 and a spontaneous dissection of the renal artery in 1 patient. Two of the 3 patients with renal artery abnormalities presented with multivessel dissections. Spontaneous dissection of the renal arteries is a common presenta- 
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Swiss Med Wkly. 2012;142:w13538 tion of FMD [11, 12] suggesting that renal artery changes as they occur in FMD were found in all 3 patients with vascular abnormalities. No other relevant vascular abnormalities were found.
Comparison with previous studies
The prevalence of FMD in the general population is not precisely known. Five reports on angiographic findings in a total of 5138 potential kidney donors found 194 subjects (3.8%) with evidence of renovascular FMD [13] [14] [15] [16] [17] . In our study, 25% of the patients with SCAD had changes suggestive of FMD (95% Wilson-confidence interval 9-53%).
Although this is a small study, these data suggest that SCAD may be caused by renal artery FMD in some patients. Spontaneous coronary dissection is a rare form of ACS. In our hospital, 0.7% of all ACS were identified to be due to SCAD. In another report by Mortensen et al., the incidence of SCAD among patients with ACS was 0.2% [18] . Early mortality in such patients is usually high [19] . Case reports of patients with SCAD and FMD have previously been published [20, 21] . One report by Pate et al. included seven women with documented medial pattern of renal FMD and acute coronary syndromes [6] . These patients presented with coronary stenoses in which the proximal vessel appeared normal but in the middle or distal segment there was an abrupt transition to diffuse obliterative disease.
Clinical implications
According to the findings of our study, a diagnostic study such as MR angiography, Duplex sonography, renal artery angiography or an aortogram of the renal and visceral segments following coronary angiography in patients presenting with SCAD may be considered to identify possible ab-
Figure 3
Coronary angiography and renal MR angiography of the 3 women with renal artery abnormalities. The left (images 1a, 1b, 1c) and right coronary (images 2a, 2b, 2c) angiography is shown for all three patients with the corresponding renal artery abnormalities (images 3a, 3b, 3c). Arrows in images 1a-c and 2a-c point at spontaneous coronary artery dissections. Arrows in images 3a-c point at renal artery fibromuscular dysplasia (3a, 3b) and renal artery dissection (3c).
normalities of the renal arteries. A better understanding of diseases that may cause SCAD (e.g., FMD) may help in initial risk stratification at presentation, acute treatment and long-term counselling of these often very unsettled patients.
Limitations
Due to the low prevalence of the disease investigated, the number of patients included in this study is small. Most of the MR-and colour-Doppler examinations were carried out late after the SCAD, and it is possible that we did not detect transient vascular abnormalities. The study did not include a matched control group of healthy individuals.
Conclusions
Abnormalities of the renal arteries were found in 3/12 (25%) of the patients with SCAD. No other vascular abnormalities were identified. Additional diagnostic tests of the renal arteries such as MR angiography, duplex sonography or angiography should be considered in patients presenting with SCAD.
Figures (large format)
Figure 1
An example showing the MR whole body angiography. The first part of the MR whole body angiography included thoracic/renal-, pelvis/thigh-, knee/calf-stations (A). The second part included the thoracic/carotid-station (B).
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